Background. An elevated pre-operative white cell count (WCC) has been associated
7 developed. One of these included all variables and a second included white cell indices plus the EuroSCORE. Retention in these models was set at a significance level of <0.05.
The hazard associated with different quartiles of N/L ratio was assessed using Cox regression, using either the lowest quartile as the reference or comparing the upper quartile with all others. Power calculations for the log-rank test were used as an approximate method to assess whether the Cox regression would have sufficient power to detect differences in hazard between the quartiles. In a comparison of two groups of 483 patients (the minimum number in each quartile) a hazard ratio of 2 could be detected with 95% power with a minimum of 100 events (deaths) in the two groups combined.
Comparisons of the clinical characteristics and the duration of post-operative hospital stay of patients with differing quartiles of N/L ratio were compared using the chi-squared test for trend (for categorical variables) and analysis of variance or the JonckheereTerpstra test (for normally and non-normally distributed continuous variables respectively). SPSS version 13.0 (SPSS Inc., Chicago, Illinois) was used for all analyses. 9 ratio was entered in all subsequent regression models. Likewise, cardiopulmonary bypass and cross-clamp times are closely related. The former was, however, the stronger predictor of outcome and, when this was available, cross-clamp time provided no incremental information regarding prognosis. Cardiopulmonary bypass time was, therefore, used in all multivariable models.
The first model included all variables shown in table I except EuroSCORE -which is a composite that includes several of these parameters and is widely used to predict perioperative risk, but has also been demonstrated to be a useful predictor of long-term outcome.
27-29 The independent predictors of mortality in this model are shown in table II.
In a further model, including the pre-operative total WCC, the pre-operative monocyte count, the pre-operative N/L ratio and EuroSCORE, the only independent predictors of outcome were the N/L ratio (HR 1.08 per unit, 95% CI 1.02-1.15, p=0.008) and the EuroSCORE (HR 1.25 per unit, 95% CI 1.19-1.32, p<0.001).
Secondary analyses

Cardiovascular mortality
When only cardiovascular death was considered an end-point, the N/L ratio remained a 
Quartiles of neutrophil/lymphocyte ratio
The excess risk was observed in patients with N/L ratios in the upper quartile (table III   and (table IV) . They were also more likely to require re-intubation following surgery and had a tendency towards higher cardiac troponin I levels at 24 hours following surgery.
DISCUSSION
The current data demonstrate that in patients undergoing CABG the N/L ratio conveys powerful prognostic information that is independent of other conventional clinical risk factors. Patients with N/L ratios in the upper quartile are at particularly high risk.
Total white cell count
Prior data have suggested that an elevated leukocyte count is associated with a worse cardiovascular outcome in a variety of settings. 17 It has also been reported to predict increased mortality following CABG. [11] [12] [13] A relationship between pre-operative total WCC and mortality was not observed in the current cohort. The explanation for this is not clear. Our cohort is an unselected consecutive population similar to others in which the total leukocyte count has proved to be prognostic. Likewise, the mean, median and distribution of the WCC are almost identical to those reported in comparable studies.
11-13
Two of these 12, 13 included emergency and peri-infarct cases. However, Bagger and colleagues demonstrated a persisting relationship of WCC in sub-group analysis, when emergency and post-infarct cases were excluded.
11
There is evidence of a biphasic, or J-shaped, relationship between total WCC and mortality following myocardial infarction 30 and percutaneous coronary intervention.
31
This might diminish the overall predictive value of the WCC. However, in the current cohort we found no evidence of such a relationship -possibly reflecting the selected population that undergoes CABG.
The absence of any relationship between total WCC and survival may relate to the effects of medication. The Long-term Intervention with Pravastatin in Ischemic Disease study showed that the WCC predicted cardiovascular mortality over 6 years in patients randomized to placebo, but not in those receiving pravastatin. 32 We do not have accurate details of statin use in the current population, but in a similar cohort of patients undergoing all forms of cardiac surgery in our institution, post operative statin use was 78%, 33 rising to 87% in patients undergoing CABG (unpublished data).
Leukocyte subtypes
Despite the absence of an association between total WCC and outcome in this cohort, we found lymphocyte and monocyte counts to be significant univariable predictors, with the neutrophil count demonstrating a trend towards significance. The improved survival associated with a higher lymphocyte count was particularly striking. This has previously been observed in patients with stable coronary artery disease, 22 those undergoing 'highrisk' angioplasty 14 and those with heart failure.
21,34
More recently, it has been demonstrated that increased prognostic information could obtained by deriving the N/L ratio. In a cohort of 3,227 patients undergoing coronary angiography, the N/L ratio was a powerful predictor of mortality -and was independent and superior to individual leukocyte subtypes. 23 After adjustment for other factors, patients with a N/L ratio in the upper quartile had a 3 times higher hazard of death during follow-up than those in the lowest quartile. 23 Likewise, in 1,046 patients undergoing percutaneous coronary intervention, the pre-procedural N/L ratio, but not the total WCC, was an independent predictor of all-cause death. 24 This was, however, a selected population, from which <25% of eligible patients had a differential leukocyte availableraising the possibility that unidentified clinical factors may have introduced bias.
Potential mechanisms
Both an elevated neutrophil count and a depressed lymphocyte count are associated with a worse outcome. It seems likely that the ability to integrate these two facets of the differential WCC underpins the particular prognostic utility of the N/L ratio. A higher ratio was associated with several major determinants of cardiovascular outcome.
However, the observed increased hazard is independent of such factors. Analysis of the survival curves demonstrates that the excess mortality is concentrated in patients with the highest ratio. The curves separate immediately and continue to diverge -suggesting an increased risk both in the early post-operative period and in the longer term.
Multiple properties of leukocytes may contribute to peri-operative myocardial damage and, thus, a worse outcome. Neutrophil infiltration is associated with secondary damage following myocardial ischemia and is implicated in reperfusion injury -through both direct toxic effects on the myocardium and vascular endothelium, and leukocyte plugging in the microvasculature 15, 17 In support of this, the use of a neutrophil and platelet depleted reperfusate has been associated with a reduction in post-operative myocardial damage.
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Increased neutrophil counts are also associated with increased blood viscosity and hypercoagulability. 17 Likewise, cardiopulmonary bypass itself is associated with neutrophil activation, 36 which may accentuate the effects of elevated pre-operative levels.
The longer-term excess risk associated with an elevated N/L ratio may, in part, reflect the consequences of increased peri-operative myocardial injury. Certainly, peri-operative myocardial damage is associated with long-term adverse outcome. poorer outcome in patients with stable coronary heart disease. 22 The reasons for this are not fully understood. The most widely accepted explanation, however, is that a reduced lymphocyte count reflects a physiological stress. 15, 22 Thus, lymphopenia may serve as a surrogate marker for the general health of an individual rather than reflecting a protective role of lymphocytes per se. It appears, therefore, that the N/L ratio integrates several parameters that will determine both the early and later outcome from CABG.
Study strengths and limitations
This study comprised a large cohort of consecutive patients undergoing non-urgent 
